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ABSTRACT
Absorption spectra of two thiacarbocyanine dyes in various
solutions which had different aggregation ability of the dyes
and reflectance spectra of the dyes adsorbed onto silver bromide
grains from those solutions were taken. It could be concluded
by comparison of these spectra that there was little or no
correlation between state of aggregation of the dye in solution
and that on AgBr grains when adsorbed from the solution.
ACKNOWLEDGEMENTS
The author would like to express his sincere thanks to Dr. Caroll
for his fruitful suggestions and encouragement through the research and
is indebted to Mr. M. Pearson of Graphic Arts Research Center, RIT and
Dr. W. Bigler of College of Science, RIT for their permission to use
the spectrophotometers.
The financial support by Konishiroku Photo Ind. Co. is thankfully
acknowledged. The author is grateful for the donation of silver nitrate
by Polaroid Corp. and sensitizing dyes and TAI by Kodak Research Labor
atories.
11
TABLE OF CONTENTS
Page No.
1 I. Introduction
4 II. Experimental
4 A. Instruments
4 B. Materials Used
5 C. Silver Bromide Grain Making
5 D. Solution Spectra
5 E. Dye Adsorption onto AgBr Grains
6 F. Reflectance Spectra
6 G. Preparation of Solutions
9 III. Results and Discussion
9 A. Solution Spectra
20 B. Reflectance Spectra and
Comparison with Solution Spectra
37
39
40
42
IV. Summary
V. Conclusions
References
Vita
111
LIST OF TABLES
No. Page No.
1 7 List of Samples. Dye-A
2 8 List of Samples. Dye-B
3 18 List of absorption peaks in solution spectra. Dye-A
4 19 List of absorption peaks in solution spectra. Dye-B
5 21 List of absorption peaks in reflectance spectra. Dye-A
6 22 List of absorption peaks in reflectance spectra. Dye-B
iv
LIST OF FIGURES
No. Page No.
1 3 Names and structures of dyes used.
2 10 Absorption spectra of dye-A in aqueous solution.
Dye concentration: 5, 10, 20 uM.
3 11 Absorption spectra of dye-A in 0.01 M KBr aqueous
solution.
Dye concentration: 5 and 20 yM.
4 12 Absorption spectra of dye-A in methanol solution.
Dye concentration: 5 and 20 yM.
5 13 Absorption spectra of dye-A in 0.1 M TAI aqueous
solution.
Dye concentration: 20 yM.
6 14 Absorption spectra of dye-B in aqueous solution.
Dye concentration: 5, 10, and 20 yM.
7 15 Absorption spectra of dye-B in 0.1 M KBr aqueous
solution.
Dye concentration: 5, 10, and 20 yM.
8 16 Absorption spectra of dye-B in methanol solution.
Dye concentration: 5, 10 and 20 yM.
9 17 Absorption spectra of dye-B in TAI aqueous solution.
Dye concentration: 10 yM.
TAI concentration: 0.001, 0.01, and 0.1 M.
10 23 Reflectance spectra of dye-A on AgBr grains from
aqueous solution.
Dye concentration: 5, 9.5, and 20 yM.
11 25 Reflectance spectra of dye-A on AgBr grains from
0.01 M KBr aqueous solution.
Dye concentration: 5, 10 and 20 yM.
LIST OF FIGURES (cont.)
No. Page No.
12 26 Reflectance spectra of dye-A on AgBr grains from
methanol solution.
Dye concentration: 5 and 20 yM.
13 28 Reflectance spectra of dye-A.
Curve-A: When adsorbed onto AgBr grains from 0.1 M
TAI aqueous solution.
Dye concentration: 20 yM.
Curve-B: Precipitate of dye-A-TAI-AgBr complex.
Curve-C: Resultant curve.
14 31 Reflectance spectra of dye-B on AgBr grains from
aqueous solution.
Dye concentration: 5, 10, and 20 yM.
15 32 Reflectance spectra of dye-B on AgBr grains from
0.1 M KBr aqueous solution.
Dye concentration: 5, 10, and 20 yM.
16 34 Reflectance spectra of dye-B on AgBr grains from
methanol .
Dye concentration: 5, 10, and 20 yM.
17 35 Reflectance spectra of dye-B on AgBr grains from TAI
aqueous solution.
Dye concentration: 10 yM.
TAI concentration: 0.001, 0.01, and 0.1 M.
vi
I . INTRODUCTION
Cyanine dyes are well known as sensitising dyes for silver halides
and they show different absorption spectrum in various solutions depend-
1
mg upon the concentration of the dye and the solvent. Those spectra
have maxima which have been characterized as M, H or J-bands and are as-
1-3
cribed to different states of aggregation of the dye. Those dyes also
1
show similar spectrum when they are adsorbed onto silver halides. The
H-band in solution has been known to be aggregates of dye in different
1
association number and the structure of J-band in solution has been pro-
1 4
posed by many authors. Herz estimated a minimum of four monomer units
per absorbing unit for a J-aggregate. Some model structures of dye ag
gregates on silver halide surface have been proposed based generally on
the assumption that the dye molecules are parallel to rows of ions on the
1 5
surface. In an early work by Leermakers, Carroll and Staude , evidence
was found that water is in J-aggregates of 3,3'-dimethyl-9-ethylthia-
6
carbocyanine dye on silver halide grains. It is reported that compounds
other than water, for example methylanthranilate, may induce J-aggrega-
tion at AgX surfaces usually with a small shift in maximum.
Only one investigation has been done so far which relates the spec
trum in solution to the reflectance spectrum of the adsorbed dye on sil-
4
ver halides. Herz showed an equation which relates the transition ener
gies of monomeric dye in water solution to those of J-aggregates adsorbed
on aqueous AgBr [111] dispersions for a series of benzimidazolocarbocyanines.
He also suggested that some additives in aqueous solution deaggregate the
J-aggregates of benzimidazolocarbocyanine and dimers of 2 , 2 * -carbocyanine
to monomeric dye.
It would be desirable to work with other cyanine dyes together with
various solutions which affect the aggregation state of the dyes. Two
thiacarbocyanine dyes were selected (Figure 1) which are known to show
4 7dye aggregation in aqueous solution. ' Those dyes have different solu
bilities in water and in methanol. Several kinds of solutions were chosen
which have different aggregation ability. Aqueous KBr solution is known
to favor dye aggregation and some thiacarbocyanine dyes show M, H or
J-bands depending upon dye concentration. On the other hand, pure meth
anol solution of thiacarbocyanine dye shows only molecular band at room
1 8
temperature. ' For this work, silver bromide grains without gelatin
were used to avoid the influence of water which must be contained in
emulsion. It has been known that some dyes adsorbed onto AgBr grains
9-1 1
from alcohol solution show H or J-band as well as M-band. Aqueous
solution of 4-hydroxy-6-methyl-1 ,3,3a, 7-tetraazaindene(TAI) , which is
well known as a stabilizer of silver halide, was chosen for this work
since TAI works as a deaggregant in dye solution. Klein and Moll in
vestigated the effect of TAI on dye adsorption onto silver halide grains
12
in emulsion. They found that TAI, in amounts much greater than dye,
decreased the saturation level of thiacarbocyanine and other dyes tested
at AgX surfaces.
The purpose of this experiment is to find any relations between aggre
gation state of thiacarbocyanine dyes in the solutions mentioned above and
that adsorbed onto silver bromide grains from those solutions.
Dye-A
+ /-CH-C-CH=
jf
CH3
S
N
I
CH3
Dye-B
CI
yCH=C-CH=( jy.
C2H^C00H
C
Dye-A 3,3' -dimethyl-9-ethylthiacarbocyanine
(bromide)
Dye-B 3,3' -dicarboxyethyl-5 , 5
'
-dichloro-9-
ethylthiacarbocyanine
Figure 1. Names and structures of dyes used.
II. EXPERIMENTAL
A. Instruments
Solution spectra were taken with the Bausch & Lomb Spectronic 505
and the Beckman Model 25 spectrophotometers in the region of 400 to 700 nm
using a 1 cm glass cell at room temperature.
The Beckman DK-2 spectrophotometer equipped with an integrating sphere
was used for taking reflectance spectra in the region of 380 to 700 nm
at room temperature.
The Beckman research pH meter was used for the adjustment of bromide
ion concentration in the solution in which AgBr grains were equilibriated.
A silver/silver bromide electrode and a saturated calomel electrode with
KNOg bridge were used as an indicator and a reference respectively.
B. Materials Used
Silver nitrate : Emulsion grade donated by Polaroid Corp.
Potassium bromide : 99 .96% pure material
4-Hydroxy-6-methyl-1 ,3,3a,7-tetraazaindene, Na salt (This is abbrev
iated as TAI throughout the paper) : Donated by Kodak Research Lab
oratories.
Methanol : Absolute methanol
Sodium hydroxide : 'Baker Analyzed' REAGENT
Water : Demineralized and distilled water was used in the experiment.
Dyes : Donated by Kodak Research Laboratories. The names and struc
tures of two dyes used in this work are shown in Figure 1 .
C. Silver Bromide Grain Making
Silver bromide grains were made without gelatin by double jetting
0.5 M solutions of silver nitrate and potassium bromide into 0.001 M KBr
solution at room temperature. Excess KBr solution was added to adjust
bromide ion concentration to be 0.001 M in the final solution in which
AgBr grains were precipitated. After precipitation, silver bromide grains
were washed by decantation and with 0.001 M KBr solution. The calculat
ed concentration of potassium nitrate in the final solution was about
-3
10 M. The emf of the final solution measured by the pH meter described
above was 157.6 mv which corresponds to 0.001 M KBr solution. The sam
ples were dried and ground with a pestle and mortar. All preparation
and subsequent adsorption experiment were carried out in a darkroom with
safelighting (Kodak safelight filter No. 1A).
D. Solution Spectra
Dye-A was dissolved easily in both water and methanol, and dye-B was
dissolved by addition of NaOH in both solutions. The concentration of
NaOH was adjusted to 0.001 M in all samples of solution of dye-B.
Absorption spectra were taken in a conventional way with water or
methanol as a reference.
E. Dye Adsorption onto AgBr Grains
Silver bromide grains of 0.70 g or 1.0 g were added to a measured vol
ume of each dye solution in a glass beaker and stirred with a magnetic
stirrer. The volume of each dye solution was decided so that the absor
bance of the supernatant dye solution after adding the AgBr grains was
higher than 80% of that of the original solution. Under these conditions
it may be assumed that in all cases, except the solution containing TAI,
the AgBr surface had reached the saturation level of a Langmuir isotherm.
F. Reflectance Spectra
Samples of the AgBr grains, after adsorption, were filtered with
filter paper to remove excess liquid, pasted on slide glass of diameter
about 2 cm, and left to dry in air-dryer. Reflectance spectra were re
corded using an AgBr sample as a reference prepared in the same way but
without any dye present. The AgBr grains were slow enough that no change
was detected on the spectrum by radiation of the spectrophotometer. The
value of % reflectance higher than 100% may be due to the difference in
thickness between reflectance and sample AgBr grains.
G. Preparation of Solutions
List of composition of all the solutions which were used in the ex
periment are given in Tables 1 and 2 together with the volume of each sol
ution per 1.0 g AgBr grains and agitation time.
Since dye-A was unstable at the level of 20 pM in more than 0.02 M KBr
aqueous solution in the presence of AgBr grains and caused coagulation
within 50 minutes, 0.01 M KBr solution was used and agitation time was
decided to be 5 minutes in order to avoid contamination in reflectance
spectra. On the other hand dye-B was stable at the level of the dye con
centration as dye-A in 0.1 M KBr aqueous solution in the presence of AgBr
grains; therefore the level of 0.1 M and 60 minutes agitation time was
adopted.
In preliminary experiment, 0.1 M TAI in 20 yM of dye-a and 10 yM of
dye-B aqueous solution was found to be a strong dye deaggregant and sup
pressed aggregation of dye. Therefore, this level of TAI was selected for
the following experiments. In addition to this level, the effect of low
er level of 0.01 M and 0.001 M were investigated for dye-B.
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III. RESULTS AND DISCUSSION
A. Solution Spectra
The solution spectra of various kinds of solution were shown in
Figures 2-5 for dye-A and Figures 6-9 for dye-B. The wavelength of ab
sorption peaks, the value of absorbance, and the ratio of the absor
bance of H-band to that of M-band (H/M) are listed in Tables 3 and 4.
The values of molecular extinction coefficient (e) for 0.1 M TAI aque
ous dye solution and for methanol dye solution are given also in Tables
3 and 4. The spectral results in H2O for both dye-a and dye-B show good
4,7
agreement with those by Herz and Padday respectively.
Both dye-a and dye-B show M and H-bands clearly in water and in KBr
aqueous solution and absorbance ratio of H/M increases as concentration
of dye increases as expected. The H/M ratio was higher in the KBr sol
ution than water for both dyes, and this could be explained by decrease
of solubility of the dyes in water due to bromide ion.
As is well known, methanol solution of both dye-A and dye-B show sin
gle peak due to monomer of dye at 540 and 550 nm respectively. Both dyes
obeyed Beer's law within levels investigated. Though each spectrum has
a faint shoulder in shorter wavelength which will be assigned to H-aggregate,
it has been said that this H-aggregate is due to water contamination in
methanol. Methanol solution of 5 yM of dye-B with 5% of H20, however,
showed completely the same spectrum as that of the solution with no ad
ditional water.
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Figure 2. Absorption spectra of dye-A in aqueous
solution.
Dye concentration: 5, 10, and 20PM.
(Right ordinate refers to 20 y M curve.)
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The effect of TAI as deaggregant is shown in Figure 5 for dye-A
and in Figure 9 for dye-B. As seen by comparing Figure 9 with Figure 6
for 10 yM of dye-B, 0.001 M TAI has little or no effect on the spectrum,
whereas 0.01 M TAI decreases the H/M ratio. At the level of 0.1 M, ab
sorption due to aggregation is strongly suppressed. Similarly the sol
ution of 20 yM of dye-A with 0.1 M TAI shows the same deaggregant effect
of TAI and has a large monomer band. These two absorption spectra of TAI
are very similar to those of methanol solution but the shoulder in the
spectra is clearer in TAI solution even at the level of 0.1 M. This de
aggregant effect of TAI can not be explained by increase of solubility
of the dye because the solubility of each dye crystal is less in 0.1 M TAI
aqueous solution than in water. One other possible explanation is that
TAI forms a salt with the dye and then salt interferes with aggregation
of the dye in solution.
B. Reflectance Spectra and Comparison with Solution Spectra
Wavelength of absorption peaks in reflectance spectra are summarized
in Tables 5 and 6.
1 . Dye-A
a. Aqueous Solution
As shown in Figure 10, all three reflectance spectra of dye-A ad
sorbed from water at three dye levels are very similar and have two prom
inent absorption band maxima at 520 and CA. 620 nm, which are assigned
to H and J-bands respectively. In solution spectra, all three dye levels
showed a large absorption corresponding to monomers of the dye, but in
the reflectance spectra no maximum corresponding to the M-band was
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observed even at 5 yM of dye. Though the location of H-band is same in
all three dye levels, the absorption band around 620 nm shifts batho-
chromically as the dye concentration increases from 5 yM to 20 yM. It
may be that the maximum of the J-band is constant and the shift is the
result of superposition of varying amounts of J, M and H-bands.
b. 0.01 M KBr Aqueous Solution
Dye adsorbed from 0.01 M KBr aqueous solution shows spectra sim
ilar to those from water at the dye level of 5 and 10 yM, but the dye
from 20 yM has stronger and sharper J-band at 625 nm. This means that
the effect of KBr in 20 yM solution is stronger than in 5 or 10 yM
(Figure 11). This is to be expected from the effect of solubility of
the dye. However in solution spectra of these solutions, the effect
of 0.01 M KBr is small even at the level of 20 yM of the dye. From
those results, it can be said that the H/M ratio in solution does not
affect the location or intensity of absorption due to H-aggregate dye
on grains but does slightly those due to J-aggregate and the effect is
emphasized in the presence of KBr solution.
c. Methanol Solution
It is surprising that though dye-A exists as a monomer in methanol
solution as mentioned above, the dye adsorbed onto grains shows a higher
intensity absorption band due to H-aggregate at around 510 nm than an ab-
sorbtion band which is probably assigned to monomer (Figure 12). It seems
possible, however, that some weak J-bands are overlapped with the M-band
especially in the spectrum of 20 yM of dye. The location of the H-band
shifts to a longer wavelength with increased dye concentration, but the
wavelength is still shorter even at 20 yM of dye than that given in the
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reflectance spectra of the dye from aqueous or KBr solution (See Table 5).
Those spectra are similar to those of 3,3'-diethyl-9-methylthiacarbo-
cyanine (bromide) adsorbed from ethanol onto silver bromide given by
Kragh et al. and by Padday et al. \ in which M and H-bands are
located at around 580 and 520 nm respectively.
d. 0.1 M TAI Aqueous Solution
The strong effect of TAI on suppression of dye aggregation which is
shown in solution spectra is seen in the reflectance spectrum. Figure 13
(Curve-A) shows a strong narrow peak at 570 nm, a small peak at CA. 530 nm,
and two shoulders at CA. 615 and 490 nm. It was found that a solution
of 10 yM of dye-A and 0.05 M of TAI was unstable. In the presence of
AgBr grains the dye was precipitated completely in one day; the solution
was colorless. Without AgBr grains, dye-A solution with TAI did not cause
any precipitate even after five days at room temperature. The precipi
tate was insoluble in water but was dissolved completely in photographic
fixer resulting in a reddish color. Therefore together with the similar
results on dye-B, it would be said that the precipitate is a water-
insoluble complex of TAI with silver ions or with silver bromide and the
dye-A is adsorbed on the precipitate. The reflectance spectrum of the
precipitate together with AgBr grains was taken and is shown in Figure 13
(Curve-B), which has a very broad band (probably a result of superposi
tion of some bands) in the range of 500-600 nm and a small peak at about
615 nm. Therefore it would be reasonable to think that the spectrum in
Figure 13 must be overlapped with some absorptions due to the precipitate.
Though it is hard to eliminate some absorption bands due to the precipi
tate because the spectrum of the precipitate will contain some absorption
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bands due to the precipitate because the spectrum of the precipitate
will contain some absorption band due to the dye adsorbed onto the
grains, the direct subtraction of curve-A from curve-B in Figure 13
was done approximately. The resultant curve is shown as curve-C in
Figure 13. Though principal component analysis of curves would have
been desirable if possible, it would be safe to say from the resultant
curve that the large band at 573 nm is due to the dye adsorbed onto the
grains which is assigned to M-band, and the shoulder around 530 nm is
assigned to H-band. This assignment is supported from data on dye-B
in TAI solution which is described later. Therefore the main state of
the dye on grain surface is monomer which is consistent with the result
in the solution spectrum; that is, TAI suppresses dye aggregation on
AgBr grains as well as in solution. This assignment of M-band suggests
that the location of M-band in the reflectance spectra of dye-A adsorbed
from methanol solution (Figure 12) is around 575 nm and this supports
the assumption that the absorption band around 600 nm of the curve of
20 yM of dye in Figure 12 may be due to M and J-bands. The effect of TAI
on dye adsorption onto silver bromide in emulsion was investigated by
1?
Klein and Moll. They found that TAI, in amounts much greater than dye,
decreased the saturation level of all dyes tested when added in suffic
ient amount. They, however, did not show any result on the aggregation
state of dye adsorbed from the TAI solution onto the grains. This result
of the state of the dye on grain surface contrasts with the result from
the methanol solution system in which the reflectance spectrum shows
stronger H-band than M-band while there exist the single M-band in the
solution spectrum.
30
2. Dye-B
a. Aqueous Solution
In contrast to dye-A, dye-B shows M-band clearly at least in the
spectrum of 5 yM of dye (Figure 14). All three spectra in Figure 14
have a J-band maximum at around 630 nm. With the increase in dye
concentration, the H-band increases in the solution spectra, whereas
in the reflectance spectra the J-band increases.
b. 0.1 M KBr Solution
The effect of 0.1 M KBr in solution is clearly exhibited in the
reflectance spectra (Figure 15), in which all three curves have strong
J-band. The location of the band is shifted bathochromically by about
16 nm from that shown in spectra of dye from water. This effect for all
three dye levels corresponds to that shown in the solution spectra (Figure
7) in which H/M ratio increased more than 10$ in all three dye levels com
pared to that in water (Figure 7). In contrast, the reflectance spectra
of dye-A from water and 0.01 M KBr solution are very similar to each other
especially for the dye levels of 5 and 10 yM, and in solution spectra of
the dye-A the intensity of M-band decreased but that of H-bands were almost
same. This difference of KBr effect on dye-A and dye-B could be explained
by KBr concentration. In the solution spectra of the dye-B in 0.1 M KBr
solution, the H/M ratio varies from 0.67 to 1.21 (Table 4) depending upon
the dye concentration, but the reflectance spectra of the dye from those
solutions are almost identical. This indicates that the dye is primarily
in J-band with no change with concentration and surface of grain is appar
ently saturated. Small changes at around 580 nm increasing with concentra
tion correspond to the increase of the H-band in solution spectra. Proba
bly the broad band around 580 nm is a result of superposition of H and J to
M-band .
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c. Methanol Solution
As seen in solution spectra, dye in methanol exists as a monomer
(and a small percentage of H-aggregate), but the reflectance spectra
(Figure 16) of the dye adsorbed from the methanol solution have not
only M and H-bands which were shown by dye-A but also definite J-band
at 640 nm. The dye-B, like the corresponding 3, 3 '-diethyl dye, has a
very strong tendency to aggregate because of its structure. It is, how
ever, surprising to see such a strong J-band in the reflectance spectra
from methanol. As mentioned in the section of dye-A, the corresponding
reflectance spectra (Figure 12) of dye-A does not exhibit J-band. This
prominent difference comes from difference in structure between dye-A
9-11
and dye-B. It has been known that 3,3',9-triethyl-5,5'-dichlorothia-
carbocyanine( chloride) and 1 , 1 '-diethyl-2,2'-cyanine( iodide or bromide)
formed a J-band when adsorbed from alcohol onto silver bromide grains.
As mentioned in the introduction, it is known that water in dye-A causes
J-band. Then the effect of water adsorbed on samples was investigated
on the formation of J-band. The reflectance spectra of these samples
were taken before and after desiccation for 17 hours over P^Og and it was
found that there was no difference in the spectra. Furthermore, the
spectrum of the dye adsorbed onto grains from methanol with 5% water was
taken after it was dried and was compared with that from pure methanol.
The result was that although there were some differences between those
spectra, no prominent differences were found on J-band.
d. TAI Aqueous Solution
Three levels of TAI concentration were investigated in 10 yM of dye-B
on the suppression effect of TAI. As seen in Figure 17, all three levels
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of TAI show strong suppression of dye adsorption onto grains and the
intensities of absorption are small. Those curves are quite similar
to the resultant curve for dye-A shown in Figure 13. In solution
spectra of dye-B in TAI aqueous solution, 0.001 M TAI showed little
effect on suppression on formation of dye aggregate, but it shows a
strong suppression on formation of dye aggregate on AgBr grains. Since
the location of the main maximum is at 575 nm at 0.1 M TAI and is close
to that of the M-band maximum shown in spectra from methanol, it can
be assigned to M-band. At the level of 0.001 M TAI, the main band is
apparently a superposition of M and H-bands and the peak is shifted
to 560 nm. The small H-band is seen around 530 nm even at the level of
0.1 M of TAI. The 0.001 M NaOH aqueous solution of 10 yM of dye-B
which was mixed with 0.1 M TAI caused precipitation after two days in
the presence of AgBr grains. The color of the precipitate is slightly
purple and is insoluble in water or NaOH solution but it was dissolved
in photographic fixer like dye-A complex as described before. There
fore it might be a complex of TAI with silver ions or with silver brom
ide and the color comes from a small amount of dye-B adsorbed on it.
Since the color of the precipitate is almost clear, the bands in Figure
17 must be due to the dye adsorbed onto the grains.
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IV. SUMMARY
The results reduced from the experiment are summarized as follows:
1 . Both dye-A and dye-B showed M and H-bands in both water and
KBr aqueous solution. The location of these bands and inten
sities agreed very well with results done by others.
2. Potassium bromide was found to increase H/M ratio for both dyes
indicating that it favors dye aggregation in the solution.
3. Methanol solution of both dye-A and dye-B showed a strong single
M-band in solution spectra.
4. It was found that 0.1 M TAI had a strong suppression effect on
dye aggregation in 20 yM of dye-A and in 10 yM of dye-B aqueous
solution. In 10 VM of dye-B solution, 0.001 M TAI had little
effect on the suppression.
5. Both dye-A and dye-B formed a strong J-band when adsorbed onto
grains from water or KBr aqueous solution. It was found from
the results of dye-A and dye-B that when the H/M ratio increased
in KBr solution spectra by more than 1 0% compared to that in
water solution spectra, the effect of KBr on reflectance spectra
was demonstrated clearly; that is, the intensity or location of
J-band changed.
6. The most prominent difference between dye-A and dye-B was exhib
ited in reflectance spectra of those dyes when adsorbed from
38
methanol solution. Though dye-A showed H and M-bands in reflect
ance spectrum, dye-B showed a strong J-band with weaker H and M
bands in it. This difference would be due to the difference in
structure between dye-A and dye-B.
7. The strong suppression effect of TAI on dye aggregation shown
in solution spectra was also exhibited definitely in reflec
tance spectra for both dyes tested, in which the J-band shown
in reflectance spectra of the dyes when adsorbed from water was
completely suppressed. Though 0.001 M TAI had little effect
on the suppression in 10 yM of dye-B solution, it showed the
effect strongly on J-band formation in reflectance spectra.
TAI showed not only the suppression effect on dye aggregation
but suppressed dye adsorption of both dyes onto grains because
the intensity of absorption band in reflectance spectra due to
monomeric dye was small compared to that from methanol. It
could be suggested that TAI is not only adsorbed onto grains
and suppresses dye adsorption but forms a salt with the dye
and suppress aggregation of the dye, especially formation of
J-aggregate on the grain surface.
8. It was found that TAI formed a complex with silver ions or with
silver bromide and caused precipitation. The dye-A was precip
itated in the solution completely probably in the form of ad
sorption on the TAI complex. The amount of dye-B adsorbed on
the TAI complex was very small.
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V. CONCLUSIONS
From those results, it could be concluded that there was little
or no correlation between state of aggregation of the dye in solution
and that on AgBr grains when adsorbed from the solution. This indicates
that the aggregation of these two thiacarbocyanine dyes in saturated
levels on AgBr grains is determined much more by the dye structure than
by the state of the dye in solution. However, TAI has been found to
have a strong effect of deaggregating either dye in solution and on
AgBr, and to reduce adsorption of dye from solution.
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